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Laboratory Safety

Introduction

Lab safety is a practice that every scientist must follow.  
Everyone is expected to observe safe lab practices.  Anyone 
not following safe procedure will be dismissed from lab.   

Purpose

The purpose of this lab is to learn important laboratory safety procedures. 

Procedure

r�5CHGV[�INCUUGU�OWUV�DG�YQTP�CV�CNN�VKOGU�KP�VJG�NCDQTCVQT[��
r�%NQUGF�VQG�UJQGU�OWUV�DG�YQTP�CV�CNN�VKOGU���
r�%NQVJGU�OWUV�e
 o Cover the legs down to the knees.
 o Cover the shoulders.
 o Cover stomach and back.  
r�.GCTP�VJG�NQECVKQP�QH�CNN�ƂTG�CNCTOU��GZVKPIWKUJGTU��C�ƂTG�DNCPMGV���
� G[GYCUJ�UVCVKQPU��UCHGV[�UJQYGTU�CPF�VJG�ƂTUV�CKF�MKV���#NUQ���
 know how to use them. 
r�0GXGT�GCV��FTKPM�QT�EJGY�IWO�KP�VJG�NCD��
r�9JGP�FGCNKPI�YKVJ�EJGOKECN�reagents��FQ�PQV�VCUVG��UPKHH��QT�
bring them near your face.
r�0GXGT�UPKHH�EJGOKECN�QFQTU�FKTGEVN[��TCVJGT�IGPVN[�YCHV�VJGO�VQ�
 ward your nose. 
r�#XQKF�ENWVVGT�QP�QT�CTQWPF�DGPEJGU���
r�1PN[�RGTHQTO�CWVJQTK\GF�GZRGTKOGPVU�
r�0QDQF[�OC[�YQTM�KP�VJG�NCDQTCVQT[�CNQPG��
r�4GRQTV�GXGT[�CEEKFGPV��PQ�OCVVGT�JQY�UOCNN�VQ�[QWT�UWRGTXKUQT��
r�$G�XGT[�ECTGHWN�YJGP�WUKPI�INCUUYCTG�DGECWUG�VJG[�CTG�HTCIKNG�
r�9JGP�TGCIGPVU�CTG�URKNNGF��VGNN�[QWT�UWRGTXKUQT�UQ�VJG�URKNN�OC[�
be cleaned up properly.
r�&Q�PQV�WUG�ƃCOOCDNG�OCVGTKCNU�PGCT�QRGP�ƃCOG���
r�$G�CYCTG�QH�YJCV�KU�IQKPI�QP�CTQWPF�[QW�CPF�KP�VJG�NCD���
r�%NGCP�[QWT�YQTM�UVCVKQP�ECTGHWNN[�CHVGT�GCEJ�NCD���

Conclusion
6JG�RWTRQUG�QH�VJKU�KU�VQ�NGCTP�CPF�GORNQ[�KORQTVCPV�NCDQTCVQT[�RTQEGFWTGU��0QY�VJCV�[QWoXG�
NGCTPGF�VJG�RTQRGT�YC[�QH�CEVKPI�KP�C�NCD��[QW�ECP�EQPVKPWG�VQ�NGCTP�OQTG�VGEJPKSWGU�



Learn to Pipette

Introduction
2KRGVVKPI�KU�VJG�OQUV�HTGSWGPVN[�WUGF�VGEJPKSWG�D[�DKQNQIKUVU��/CUVGTKPI�
VJG�WUG�QH�C�RKRGVVG�YKNN�KORTQXG�GZRGTKOGPVCN�TGUWNVU��CPF�KPEQTTGEV�WUG�
may end in disaster.

Purpose
The purpose of this lab is to learn how to properly use a pipette.

Further Background
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/CVGTKCNU
▶9CVGT
▶Pipette
▶Pipette Tips
▶9CUVG�$GCMGT

016'��
��OKNNKNKVGT�
ON���������OKETQNKVGTU�
�.�

Blue topped pipettes match with blue tips.
Yellow/Gold topped pipettes match with yellow tips.
9JKVG�)TC[�VQRRGF�RKRGVVGU�OCVEJ�YKVJ�YJKVG�VKRU�



Procedure
1. Connect correct tip to pipette. 
���2TGUU�VJG�EQNQTGF�RNWPIGT�QH�VJG�RKRGVVG�FQYP�VQ�VJG�ƂTUV�pUVQRRKPIq�RQKPV
���5WDOGTIG�VJG�VKR�KPVQ�VJG�NKSWKF
���4GNGCUG�VJG�VQR�UNQYN[�VQ�GZVTCEV�NKSWKF�
���4GOQXG�VJG�VKR�HTQO�NKSWKF
���%#4'(7..;�OQXG�VJG�RKRGVVG�VQ�YJGTG�[QW�PGGF�VJG�NKSWKF��

�����&1�016�617%*�6*'�6+2�61�#0;6*+0)�14�;17�9+..�%106#/+0#6'�;174�.+37+&���

���6Q�TGNGCUG�NKSWKF�HTQO�VJG�RKRGVVG�RTGUU�VJG�EQNQTGF�RNWPIGT�FQYP�VQ�VJG�ƂTUV�pUVQRRKPIq�RQKPV���
� 
2TGXKQWUN[�FQPG�YJGP�GZVTCEVKPI�NKSWKF��

0QVKEG�VJG�UOCNN�COQWPV�QH�NKSWKF�TGOCKPKPI�KP�VJG�VKR�QH�VJG�RKRGVVG�

���2TGUU�VQ�VJG�UGEQPF�pUVQRRKPIq�RQKPV�VQ�TGNGCUG�VJG�TGOCKPKPI�NKSWKF��
���2TQRGTN[�FKURQUG�QH�[QWT�EQPVCOKPCVGF�WUGF�RKRGVVG�VKR�KPVQ�VJG�DKQJC\CTFQWU�YCUVG�EQPVCKPGT��

Conclusion

0QY�[QW�CTG�GSWKRRGF�VQ�RGTHQTO�XCTKQWU�RTQEGFWTGU�VJCV�WVKNK\G�OKETQRKRGVVKPI��1PG�QH�VJGUG�
KU�VJG�VTCPUHQTOCVKQP�QH�[QWT�RNCUOKF�KPVQ�VJG�&0#�QH�[QWT�VCTIGV�QTICPKUO��NKMG�YG�YKNN�DG�FQKPI�
in the next lab.

*GTG�CTG�UQOG�GZVTC�TGUQWTEGU�QP�VJG�KPVGTPGV�VQ�UVTGPIVJGP�[QWT�DCEMITQWPF�KP�RKRGVVKPI��

▶JVVR���YYY�XKTVWCN�NCDU�NGGFU�CE�WM�RTGU�OKETQRKRGVVGU�
▶JVVRU���YYY�[QWVWDG�EQO�YCVEJ!X�01�F-�\W45Y
▶JVVR���YYY�WUE�GFW�QTI�EQUGG�YGUV�,WP��4GUQWTEGU�2KRGVVG7UGVTCKPKPI�RFH



6TCPUHQTOCVKQP���*GCV�5JQEM

Introduction
9G�YKNN�PQY�OCMG�WUG�QH�VJQUG�RKRGVVKPI�UMKNNU�VJCV�[QW�OCUVGTGF��6TCPUHQTOCVKQP�KU�VJG�RTQEGUU�VJCV�
QEEWTU�YJGP�C�EGNN�VCMGU�KP�HQTGKIP�&0#�HTQO�KVU�UWTTQWPFKPIU��6TCPUHQTOCVKQP�ECP�QEEWT�KP�PCVWTG�
YKVJKP�EGTVCKP�V[RGU�QH�DCEVGTKC��$CEVGTKCN�EGNNU�VJCV�CTG�CDNG�VQ�VCMG�WR�&0#�HTQO�VJG�GPXKTQPOGPV�CTG�
ECNNGF�EQORGVGPV�EGNU�+P�OQNGEWNCT�DKQNQI[��VTCPUHQTOCVKQP�KU�CTVKƂEKCNN[�TGRTQFWEGF�KP�VJG�NCD�XKC�VJG�
ETGCVKQP�QH�RQTGU�KP�DCEVGTKCN�EGNN�OGODTCPGU��*GCV�UJQEM�KU�QPG�OGVJQF�VJCV�DKQNQIKUVU�WUG�VQ�RGT�
form transformation in the lab.

Further Background
*GCV�UJQEM�VTCPUHQTOCVKQP�WUGU�C�ECNEKWO�TKEJ�GPXKTQPOGPV��RTQXKFGF�D[�ECNEKWO�EJNQTKFG��VQ�EQWPVGT�
CEV�VJG�GNGEVTQUVCVKE�TGRWNUKQP�DGVYGGP�VJG�RNCUOKF�&0#�CPF�DCEVGTKCN�EGNNWNCT�OGODTCPG��#�UWFFGP�
increase in temperature creates pores in the plasma membrane of the bacteria and allows for plasmid 
DNA�VQ�GPVGT�VJG�DCEVGTKCN�EGNN��2NCUOKF�&0#�KU�C�UOCNN��EKTEWNCT�RKGEG�QH�&0#�YJKEJ�KU�UGRCTCVG�HTQO�
CPF�ECP�TGRNKECVG�KPFGRGPFGPVN[�QH�EJTQOQUQOCN�&0#�YKVJKP�C�EGNN�

/CVGTKCNU
▶1XGTPKIJV�ITQYP�EWNVWTGU�QH�E. Coli Nissle 1917
▶/I%N2 and CaCl2
▶Ice
▶/KETQEGPVTKHWIG�6WDGU
▶*GCV�5JQEM�#RRCTCVWU
▶LB agar plates

Procedure
���1DVCKP�EWNVWTGU�QH�E. coli Nissle 1917 cells
���2WV�VJG�DQVVNGU�QH�����O/�/I%N2�CPF�����O/�%C%N2 on ice
���&KNWVG�VJG�EWNVWTG�D[�CFFKPI�U�����.�QH�EWNVWTG�KPVQ���O.�HTGUJ�.$�DTQVJ
4. Incubate this culture by shaking at 37° C for 1 hour.
� r������YKNN�DG�FQPG�HQT�[QW�RTKQT�VQ�NCD
5. Pellet the E. coli cells in a microcentrifuge tube.
6. Decant VJG�NKSWKF�CPF�resuspend VJG�RGNNGV�KP�����ON�KP�EQNF����O/�/I%N2
7. Pellet the cells and decant
���4GUWURGPF�VJG�EGNNU�KP������.�����O/�%C%N2
9. Place on ice for 20 minutes
����4GOQXG������.�QH�EGNNU�KPVQ�C�PGY�OKETQEGPVTKHWIG�VWDG
����#FF����.�QH�VJG�RNCUOKF�VQ������.�QH�EGNNU
12. Place on ice for 15 minutes
����*GCV�UJQEM�CV����%�HQT����UGEQPFU
14. Immediately place on ice
����#HVGT�KPEWDCVKPI�QP�KEG�CRRTQZKOCVGN[�QPG�OKPWVG��CFF���O.�.$�DTQVJ�
PQ�antibiotic�
16. Incubate at 37°C for 30 minutes
����2GTHQTO�C������FKNWVKQP�QH�VJKU�VTCPUHQTOCVKQP�
�����.�KP������.�.$�

Purpose
The purpose of this lab is to transform bacteria via heat shock.



19. Plate the contents of both tubes on LB agar plates
20. Incubate these plates overnight at 37° C.
21. Plates should be removed from the incubator the following morning to examine the results. 

Conclusion

*GCV�UJQEM�KU�QPG�QH�OCP[�OGVJQFU�VQ�VTCPUHQTO�DCEVGTKC��1PG�QVJGT�OGVJQF�KU�GNGEVTQRQTCVKQP��
It is helpful to select the method that will yield the best results for a particular experiment. Tomor�
TQY��[QWT�DCEVGTKC�YKNN�JCXG�OWNVKRNKGF�CPF�YG�ECP�KUQNCVG�VJG�RNCUOKF�HTQO�VJG�DCEVGTKC�



.KSWKF�%WNVWTG

Introduction
1PEG�[QW�JCXG�C�UKPING�colony of bacteria��VJG�PGZV�UVGR�KU�VQ�ITQY�C�NCTIG�COQWPV�QH�VJG�DCEVGTKC�
EQPVCKPKPI�[QWT�RNCUOKF��6JKU�KU�FQPG�WUKPI�C�NKSWKF�EWNVWTG��.KSWKF�EWNVWTGU�CTG�ITQYP�WUKPI�DCEVGTKC�
HTQO�C�RNCVG��CPF�OQXKPI�VJGO�KPVQ�C�DTQVJ�VJCV�RTQOQVGU�DCEVGTKCN�ITQYVJ��.WTKC�DTQVJ�
.$��KU�C�PW�
VTKGPV�TKEJ�OGFKC�EQOOQPN[�WUGF�VQ�EWNVWTG�DCEVGTKC�KP�VJG�NCD��.$�CICT�RNCVGU�CTG�HTGSWGPVN[�WUGF�VQ�
KUQNCVG�KPFKXKFWCN�
ENQPCN��EQNQPKGU�QH�DCEVGTKC�ECTT[KPI�C�URGEKƂE�RNCUOKF��*QYGXGT��C�NKSWKF�EWNVWTG�KU�
ECRCDNG�QH�UWRRQTVKPI�C�JKIJGT�FGPUKV[�QH�DCEVGTKC��6JGTGHQTG��KV�KU�WUGF�VQ�ITQY�VJG�COQWPV�QH�DCEVG�
TKC�PGEGUUCT[�VQ�KUQNCVG�GPQWIJ�RNCUOKF�&0#�HQT�GZRGTKOGPVCN�WUG�

Purpose
6JG�RWTRQUG�QH�VJKU�NCD�KU�VQ�ETGCVG�C�NKSWKF�EWNVWTG�VJCV�YG�ECP�VJGP�WUG�HQT�
QWT�PGZV�UVGR��&0#�KUQNCVKQP�

/CVGTKCNU
▶Inoculation Loop
▶����'V1*
▶$CEVGTKCN�EQNQPKGU�
QP�C�RNCVG�
▶50 ml conical tubes
▶Sterile LB Broth
▶Electronic Pipette
▶25mL Electronic Pipette Tip

Further Background
*QY�VQ�WUG�CP�GNGEVTQPKE�RKRGVVG�
���#ESWKTG�CP�GNGEVTQPKE�RKRGVVG�VKR�
(KIWTG����CPF�QRGP�VJG�GPF�VJCV�YKNN�DG�RNCEGF�KPVQ�VJG�GNGEVTQPKE�
RKRGVVG�YJKNG�MGGRKPI�VJG�TGUV�QH�VJG�VKR�KP�VJG�UVGTKNG�RCEMCIKPI��&1�016�617%*�6*'�'0&�1(�6*'�
6+2�61�#0;6*+0)�':%'26�6*'�51.76+10��
 a. If the tip becomes contaminated replace it with a fresh tip.
2. Press and secure the tip into the electronic pipette.
� C��5GV�VJG�URGGF�UGVVKPI�QP�VJG�RKRGVVG�VQ�.19�
���9JGP�VJG�UQNWVKQP�KU�QRGP��TGOQXG�VJG�TGOCKPKPI�EQXGTKPI�QP�VJG�VKR�CPF�RNCEG�KV�KPVQ�VJG�UQNWVKQP�
4. Press the button correlating with the up facing arrow and pipette up the desired 

(KIWTG����'NGEVTQPKE�2KRGVVG

(KIWTG����'NGEVTQPKE�2KRGVVG�6KR



Procedure
1. Label the 50 mL conical tube.
���7UKPI�CP�GNGEVTQPKE�RKRGVVG��RKRGVVG���O.�QH���
 sterile LB Broth into a 50mL conical tube.
3. Isolate a bacterial colony on the plate.
4. Gently press the end of a sterile wooden stick  
� VQ�VJG�DCEVGTKCN�EQNQP[�QP�VJG�RNCVG��&Q���
� PQV�RTGUU�VQQ�JCTF��QT�VJG�CICT�YKNN�DTGCM�
5. Place the end of the wooden stick into the LB  
 Broth and spin the stick for 15 seconds.
6. Securely cap the conical tube and place on a  
 shaker in a warm room overnight.
� C��016'��#�UJCMGT�KU�WUGF�VQ�RTQOQVG�DCE�
terial growth due to the constant agitation.

Conclusion
0QY�EQOGU�YCKVKPI��6QOQTTQY��[QWT�EQPKECN�VWDG�UJQWNF�CRRGCT�ENQWF[�KP�PCVWTG��VJKU�OGCPU�OQTG�
DCEVGTKC��9G�YKNN�VJGP�WUG�VJKU�VQ�CFXCPEG�HWTVJGT�FQYP�VJG�TQCF�QH�U[PVJGVKE�DKQNQI[�s�KUQNCVKPI�QWT�
PGY�RNCUOKF��6JKU�YKNN�DG�FQPG�D[�RGTHQTOKPI�C�pOKPK�RTGR�q

(KIWTG����5JCMGT



2NCUOKF�2WTKƂECVKQP��/KPK�2TGR

Introduction
(QT�U[PVJGVKE�DKQNQI[��RNCUOKF�RWTKƂECVKQP�KU�KORQTVCPV�DGECWUG�KV�CNNQYU�HQT�VJG�KUQNCVKQP�QH�&0#�
HTQO�EGNNU��YJKEJ�ECP�VJGP�DG�CPCN[\GF�CPF�WUGF�HQT�QVJGT�NCD�RTQVQEQNU��(QT�GZCORNG��VJG�K)'/�
VGCO�WUGF�VJKU�RTQVQEQN�VQ�UGRCTCVG�&0#�HTQO�DCEVGTKC��6JG[�VJGP�EQODKPGF�KV�YKVJ�QVJGT�&0#�VQ�
ETGCVG�C�NQPIGT�UVTCPF��ECNNGF�C�RCTV�QT�C�IGPG�

Further Background
� 6JGTG�CTG�UGXGTCN�YC[U�VQ�RWTKH[�RNCUOKFU��6JGUG�OGVJQFU�CTG�QHVGP�ECNNGF�pOKPK�RTGRUq�DG�
ECWUG�[QW�CTG�RWTKH[KPI�&0#�HTQO�C�UOCNN�XQNWOG�QH�EGNNU��/KPK�RTGRU�KPXQNXG�N[UKPI��QT�DTGCMKPI��VJG�
EGNNU�CPF�RWTKH[KPI�VJG�&0#�XKC�RWTKƂECVKQP�CPF�QT�OGODTCPG�DKPFKPI��6JG�OGVJQF�YG�YKNN�FQ�WUGU�C�
UKNKEC�IGN�OGODTCPG�VQ�DKPF�VJG�&0#��;QW�YKNN�RWTKH[�VJG�RNCUOKF�&0#�CPF�CPCN[\G�KV���
� 6JKU�RTQVQEQN�KU�FGUKIPGF�HQT�RWTKƂECVKQP�QH�WR�VQ����ŞI�QH�high-copy plasmid &0#�HTQO�
QXGTPKIJV�EWNVWTGU�
����ON��QH�E. coli�KP�.$�OGFKWO��6JKU�RTQVQEQN�ECP�DG�WUGF�HQT�VJG�RWTKƂECVKQP�QH�
low-copy plasmids and cosmids��NCTIG�RNCUOKFU�
 ���MD���CPF�RTGRCTGF�&0#�

Purpose
+P�VJKU�NCD�[QW�YKNN�RWTKH[�VJG�RNCUOKF�&0#�QH�Escherichia coli�CPF�CPCN[\G�KV�

/CVGTKCNU
▶Plasmid infected E. Coli
▶�:�.[UKU�Buffer�
$NWG�
▶0GWVTCNK\CVKQP�$WHHGT�
;GNNQY�
▶'PFQ�9CUJ�$WHHGT
▶<[RR[�9CUJ�$WHHGT
▶Zyppy Elution Buffer
▶<[OQ�5RKP�++0�%QNWOPU
▶Collection Tubes
▶3+#RTGR�URKP�EQNWOPU
▶/KETQEGPVTKHWIG�6WDGU

Procedure

��#XCKNCDNG��JVVR���RWDNKE�ECNNWVJGTCP�GFW�`TGXKG�RTQVQEQNU�3�/KPKRTGRU�RFH��#EEGUUGF����1EVQDGT������

���0QVG��#NN�RTQVQEQN�UVGRU�UJQWNF�DG�ECTTKGF�QWV�CV�TQQO�VGORGTCVWTG�
1. Pellet the bacterial culture.
���&GECPV�
RQWT�QWV��VJG�DTQVJ�HTQO�VJG���O.�EQPKECN�VWDG��NGCXKPI�VJG�RGNNGV�KP�VJG�DQVVQO�QH�VJG�� �
 tube.
���4GUWURGPF�
RKRGVVG�WR�CPF�FQYP��VJG�RGNNGV�D[�CFFKPI�`���Ş.�&+�YCVGT�VQ�VJG�UCOG�VWDG��#HVGT�KV�� �
� JCU�DGGP�TGUWURGPFGF��WUG�C�RKRGVVG�VQ�VTCPUHGT�VJG�EQPVGPVU�VQ�C�OKETQEGPVTKHWIG�VWDG��� �
� 
KV�UJQWNF�GPF�WR�PGCT����Ş.�VQVCN���.CDGN�VJG�VWDG�YKVJ�[QWT�KPKVKCNU�
� K��9JGP�TGUWURGPFKPI��FQ�PQV�RKRGVVG�VQQ�XKIQTQWUN[�UQ�DWDDNGU�FQ�PQV�HQTO�
���#FF�����.��Z�.[UKU�$WHHGT�VQ�VJG�OKETQEGPVTKHWIG�VWDG�CPF�OKZ�VJQTQWIJN[�D[�KPXGTVKPI�VJG�VWDG�����
times.



� K��/KZ�IGPVN[�D[�KPXGTVKPI�VJG�VWDG��&Q�PQV�XQTVGZ��CU�VJKU�YKNN�TGUWNV�KP��
� � UJGCTKPI�QH�IGPQOKE�&0#��+H�PGEGUUCT[��EQPVKPWG�KPXGTVKPI�VJG��
� � VWDG�WPVKN�VJG�UQNWVKQP�DGEQOGU�XKUEQWU�CPF�UNKIJVN[�ENGCT��&Q�PQV��
  allow the lysis reaction to proceed for more than 5 min.
� KK��#HVGT�CFFKVKQP�QH�VJG��:�.[UKU�$WHHGT�VJG�UQNWVKQP�UJQWNF�EJCPIG�HTQO��
� � QRCSWG�VQ�ENGCT�DNWG��KPFKECVKPI�EQORNGVG�N[UKU�
���+OOGFKCVGN[�CFF�����Ş.�QH�0GWVTCNK\CVKQP�$WHHGT�VQ�VJG�OKETQEGPVTKHWIG�VWDG�
CPF�OKZ�VJQTQWIJN[�D[�KPXGTVKPI�VJG�VWDG��s��VKOGU�
� K��6Q�CXQKF�NQECNK\GF�RTGEKRKVCVKQP�QH�VJG�&0#��OKZ�VJG�UQNWVKQP�VJQTQWIJ�
� N[��KOOGFKCVGN[�CHVGT�CFFKVKQP�QH�VJG�0GWVTCNK\CVKQP�$WHHGT��.CTIG�EWNVWTG��
� XQNWOGU�
G�I��ű��ON��OC[�TGSWKTG�KPXGTVKPI�WR�VQ����VKOGU��6JG�UQNWVKQP��
 should become cloudy.
� KK��6JG�UCORNG�YKNN�VWTP�[GNNQY�YJGP�VJG�PGWVTCNK\CVKQP�KU�EQORNGVG�CPF�C��
 yelowish precipitate will form.
���%GPVTKHWIG�HQT���OKP�CV��������TRO�KP�C�VCDNG�VQR�OKETQEGPVTKHWIG�
7. A compact white pellet will form.
���#RRN[�VJG�UWRGTPCVCPVU�HTQO�UVGR�n�o�VQ�VJG�<[OQ�5RKP�++0�EQNWOP�D[�FGECPV�
KPI�
RQWTKPI��
� K��6JG�UWRGTPCVCPV�KU�VJG�ƃWKF�UWTTQWPFKPI�VJG�RGNNGV�
���2NCEG�VJG�EQNWOP�KPVQ�C�%QNNGEVKQP�6WDG�CPF�EGPVTKHWIG�HQT����UGEQPFU��&KU�
ECTF�VJG�ƃQY�VJTQWIJ�
VJG�NKSWKF�YJKEJ�CEEWOWNCVGU�CV�VJG�DQVVQO�QH�VJG�EQN�
WOP��
����9CUJ�VJG�3+#RTGR�URKP�EQNWOP�D[�CFFKPI�����.�QH�'PFQ�9CUJ�$WHHGT�VQ�
the column. Centrifuge for 30 seconds.
����#FF�����.�QH�<[RR[�9CUJ�$WHHGT�VQ�VJG�EQNWOP��%GPVTKHWIG�HQT���OKPWVG�
����6TCPUHGT�VJG�EQNWOP�KPVQ�C�ENGCP����O.�OKETQEGPVTKHWIG�VWDG�VJGP�CFF����.�
of Zyppy Elution Buffer directly to the column matrix and let stand for one min�
ute at room temperature.
����%GPVTKHWIG�HQT����UGEQPFU�VQ�GNWVG�VJG�RNCUOKF�&0#�
����.CDGN�CPF�RNCEG�[QWT�VWDG�KP�VJG�����%�HTGG\GT�HQT�HWVWTG�WUG�QT�KOOGFKCVGN[�
EJCTCEVGTK\G�VJG�RTQFWEV�WUKPI�)GN�'NGEVTQRJQTGUKU�

Conclusion
+P�VJKU�NCD�[QW�NGCTPGF�JQY�VQ�KUQNCVG�&0#�HTQO�DCEVGTKC��+P�QTFGT�VQ�HWTVJGT�WUG�VJKU�RTQFWEV��[QW�
PGGF�VQ�MPQY�VJG�EQPEGPVTCVKQP�QH�&0#�VJCV�KU�RTGUGPV�KP�[QWT�VWDG��



&0#�3WCPVKƂECVKQP��3WDKV��FU&0#�#UUC[�-KV

Introduction
3WCPVKƂECVKQP�QH�&0#�KU�GZVTGOGN[�WUGHWN�KP�VJG�OKETQDKQNQI[�NCD��+V�KU�WUGF�VQ�ƂPF�VJG�SWCPVKV[�CPF�
EQPEGPVTCVKQP�QH�&0#��1WT�K)'/�VGCO�WUGU�VJKU�RTQVQEQN�VQ�ƂPF�VJG�EQPEGPVTCVKQP�QH�&0#�KP�QWT�
samples. 

Purpose
+P�VJKU�NCD�[QW�YKNN�FGVGTOKPG�VJG�COQWPV�CPF�EQPEGPVTCVKQP�QH�KUQNCVGF�RNCUOKF��9G�YKNN�WUG�VJKU�EQP�
centration for future experiments.  

/CVGTKCNU
▶3WDKV��FU&0#�$4�4GCIGPV
▶3WDKV��FU&0#�$4�$WHHGT
▶ 3WDKV��FU&0#�$4�5VCPFCTF���
▶ 3WDKV��FU&0#�$4�5VCPFCTF���
▶ 3WDKV�6WDGU
▶ 3WDKV�(NWQTQOGVGT
▶3+#RTGR�URKP�EQNWOPU
▶/KETQEGPVTKHWIG�6WDGU

���0QVG��OCMG�UWTG�CNN�OKZVWTGU�CTG�CV�TQQO�VGORGTCVWTG�DGHQTG�WUKPI�VJG�3WDKV�OCEJKPG��
���/CMG�VJG�YQTMKPI�UQNWVKQP�D[�OKZKPI���RCTV�3WDKV�FU&0#�$4�4GCIGPV�YKVJ�����RCTVU�3WDKV�FU&0#�
$4�$WHHGT�KP�C�EQPKECN�VWDG�
� C��/CMG�GPQWIJ�YQTMKPI�UQNWVKQP�HQT�CNN�QH�[QWT�UCORNGU�RNWU�QPG�GZVTC�UCORNG�
���.CDGN�C�3WDKV�VWDG�5VCPFCTF�����/CMG�UVCPFCTF���D[�CFFKPI�����Ş.�YQTMKPI�UQNWVKQP�VQ�VJG�VWDG��
#FF����Ş.�3WDKV�FU&0#�$4�5VCPFCTF����VQ�VJG�VWDG��8QTVGZ�UQNWVKQP�
���.CDGN�C�3WDKV�VWDG�5QNWVKQP�����/CMG�UQNWVKQP���D[�CFFKPI�����Ş.�QH�YQTMKPI�UQNWVKQP�VQ�VJG�VWDG��
#FF����Ş.�3WDKV�FU&0#�$4�5VCPFCTF����VQ�VJG�VWDG��8QTVGZ�UQNWVKQP�
���.CDGN�C�3WDKV�VWDG�5CORNG�#��#FF�����Ş.�YQTMKPI�UQNWVKQP�VQ�VJG�VWDG��#FF���Ş.�QH�CP�WPMPQYP��
� &0#�UCORNG�VQ�VJG�VWDG�
���4GRGCV�UVGR�p�q�HQT�GCEJ�QH�[QWT�&0#�UCORNGU��NCDGNKPI�VJGO�KP�UGSWGPEG�
G�I��5CORNG�$��5CORNG��
� %��GVE��
���/GCUWTG�ƃWQTGUEGPEG�WUKPI�VJG�3WDKV�(NWQTQOGVGT�
� C��*KV�CP[�DWVVQP�QP�VJG�ƃWQTQOGVGT�VQ�VWTP�KV�QP�
� D��7UG�VJG�CTTQYU�VQ�JKIJNKIJV�3WCPV�K6�FU&0#��$4��*KV�)1�
� E��(QNNQY�VJG�QP�UETGGP�FKTGEVKQPU��YJKEJ�KPENWFG�VJG�KPUGTVKQP�QH�5QNWVKQP����CPF�5QNWVKQP������
� � 6JGUG�CTG�FQPG�VQ�ECNKDTCVG�VJG�ƃWQTQOGVGT�VQ�[QWT�UCORNGU�
� F��#FF�5CORNG�#�VQ�VJG�ƃWQTQOGVGT��*KV�)1��4GEQTF�FKURNC[GF�EQPEGPVTCVKQP�QH�&0#�
� G��4GRGCV�UVGR�pFq�HQT�[QWT�TGOCKPKPI�&0#�UCORNGU�

Procedure



Conclusion
+P�VJKU�NCD�[QW�WUGF�C�3WDKV�FU&0#�CUUC[�MKV�VQ�FGVGTOKPG�YJCV�EQPEGPVTCVKQP�QH�&0#�YCU�KP�[QWT�
UCORNGU��(TQO�JGTG��[QW�ECP�ETWPEJ�UQOG�PWODGTU�VQ�FGVGTOKPG�JQY�OWEJ�QH�VJKU�UCORNG�VQ�WUG�
YJGP�EQODKPKPI�KV�YKVJ�C�TGUVTKEVKQP�GP\[OG�KP�QTFGT�VQ�EWV�VJG�&0#��6JKU�KU�ECNNGF�C�TGUVTKEVKQP�FKIGUV�

9QTMKPI�5QNWVKQP�%CNEWNCVKQPU


��QH�UCORNGU��Z�
�������AAAA��.�3WDKV�FU&0#�$4�$WHHGT


��QH�UCORNGU��Z�
����AAAAA��.��3WDKV�FU&0#�$4�4GCIGPV

9JGP�[QW�CTG�FQKPI�OWNVKRNG�UCORNGU��C�YQTMKPI�UQNWVKQP�EWVU�
FQYP�QP�VJG�COQWPV�QH�UVGRU�VQ�ECTT[�QWV�SWCPVKƂECVKQP�



2%4��2QN[OGTCUG�%JCKP�4GCEVKQP
Introduction
#�2QN[OGTCUG�%JCKP�4GCEVKQP�KU�C�YC[�VQ�IGPGTCVG�GZRQPGPVKCN�EQRKGU�QH�C�UGNGEVGF�
RKGEG�QH�C�&0#�OQNGEWNG���6JKU�KU�KORQTVCPV�DGECWUG�KV�GPCDNGU�[QW�VQ�OCMG�EQRKGU�QH�
[QWT�UGNGEVGF�OQNGEWNG�GHƂEKGPVN[�

Further Background

a.�6JG�QDLGEVKXG�QH�2%4�KU�VQ�RTQFWEG�C�TGNCVKXGN[�NCTIG�COQWPV�QH�C�URGEKƂE�RKGEG�QH�&0#�HTQO�
a small amount of template DNA��#�TGUGCTEJGT�ECP�WUG�2%4�VQ�CORNKH[�VTCEG�COQWPVU�QH�&0#�
HTQO�C�FTQR�QH�DNQQF�QT�C�UKPING�JCKT�HQNNKENG�VQ�IGPGTCVG�OKNNKQPU�QH�EQRKGU�QH�C�FGUKTGF�&0#�
fragment. 
b.�2%4�OCMGU�WUG�QH�VYQ�DCUKE�RTQEGUUGU�KP�OQNGEWNCT�IGPGVKEU�
� K��%QORNGOGPVCT[�&0#�UVTCPF�J[DTKFK\CVKQP�
� KK��&0#�UVTCPF�U[PVJGUKU�XKC�DNA polymerase 
c. $GHQTG�C�TGIKQP�QH�&0#�ECP�DG�CORNKƂGF��QPG�OWUV�KFGPVKH[�CPF�FGVGTOKPG�VJG�UGSWGPEG�QH�C�
RKGEG�QH�&0#�upstream and downstream of the region of interest. These areas are then used to 
make the oligonucleotide primers�VJCV�YKNN�UGTXG�CU�UVCTVKPI�RQKPVU�HQT�&0#�TGRNKECVKQP��2TKOGTU�
CTG�TGSWKTGF�VQ�RTQXKFG�C�FQWDNG�UVTCPFGF�UVCTVKPI�RQKPV�HQT�VJG�&0#�RQN[OGTCUG�
d.�6JG�&0#�RQN[OGTCUG�WUGF�KP�2%4��JQYGXGT��OWUV�DG�C�VJGTOCNN[�UVCDNG�RQN[OGTCUG�DGECWUG�
VJG�RQN[OGTCUG�EJCKP�TGCEVKQP�E[ENGU�DGVYGGP�VGORGTCVWTGU�QH�`���%�CPF�`���%��#�VJGTOQ�UVC�
DNG�&0#�RQN[OGTCUG�
6CS�RQN[OGTCUG��HTQO�VJG�thermophilic�DCEVGTKC��6JGTOWU�CSWCVKEWU��KU�
commonly used for this purpose.

e.�(QNNQYKPI�UCORNG�RTGRCTCVKQP��VJG�VGORNCVG�&0#��QNKIQPWENGQVKFG�RTKOGTU��VJGTOQ�UVCDNG�
&0#�RQN[OGTCUG��VJG�HQWT�FGQZ[PWENGQVKFGU�
#��6��)��%���CPF�TGCEVKQP�DWHHGT�CTG�OKZGF�KP�C�UKP�
ING�2%4�VWDG��6JG�VWDG�KU�RNCEGF�KPVQ�VJG�VJGTOCN�E[ENGT��6JGTOCN�E[ENGTU�EQPVCKP�CP�CNWOKPWO�
block that holds the samples and can be rapidly heated and cooled across extreme temperature 
differences. 

  Temperature Cycle
   1. Denaturation
� � � � �UVTCPFU�UGRCTCVG�HTQO�JKIJ�VGORGTCVWTG�
���%�
   2. Annealing
� � � � �RTKOGTU�CVVCEJ�VQ�VJG�UGRCTCVGF�&0#�
������%�
   3. Extension 
� � � � �&0#�RQN[OGTCUG�GZVGPFU�RTKOGTU�VQ�EQR[�VJG�&0#�
���%�
� � � ���4GRGCV�`����VKOGU

f. Thermal cycling continues for 40 cycles. After each thermal cycle the number of template 
UVTCPFU�FQWDNGU��TGUWNVKPI�KP�CP�GZRQPGPVKCN�KPETGCUG�KP�VJG�PWODGT�QH�VGORNCVG�&0#�UVTCPFU��
After 40 cycles there will be  approximately 1.1 x 1012 more copies of the original number of tem�
RNCVG�&0#�OQNGEWNGU�



Purpose
6JG�IQCN�QH�VJKU�NCD�KU�VQ�FGUKIP�CPF�GZGEWVG�C�2%4�TGCEVKQP�VQ�CORNKH[�6UG��VQZKP�HTQO�VJG�RNCUOKF�
$$CA�������

/CVGTKCNU
▶2%4�6WDGU
▶2%4�6WDG�4CEM
▶/CUVGT�/KZ
� C��&/51
� D��&0#�RQN[OGTCUG
▶��W/�(QTYCTF�2TKOGT
▶��W/�4GXGTUG�2TKOGT
▶6GORNCVG�&0#
▶Thermal Cycler

���%CTGHWNN[�NCDGN�C�����ON�2%4�VWDG�
� C��016'��*CPFNG�VJG�2%4�VWDG�YKVJ�ECTG�CU�KV�ETCEMU�GCUKN[�
� D��016'��-GGR�VJG�OCUVGT�OKZ�KP�VJG�ET[QDQZ�CV�CNN�VKOGU��-GGR�VJG�ET[QDQZ�KP�VJG�HTGG\GT��
 as much as possible.
���#FF������Ş.�OCUVGT�OKZ�VQ�VJG�2%4�VWDG�
���#FF�����Ş.�QH�VJG�&0#�6GORNCVG�VQ�VJG�2%4�VWDG�
���#FF���Ş.�&GR%�9CVGT�VQ�VJG�2%4VWDG�
���#FF������Ş.�2TKOGT�#�
6$&��CPF������Ş.�2TKOGT�$�
6$&��VQ�VJG�2%4�VWDG��
6. Gently pipette up and down to mix the solution.
���#HVGT�OKZKPI��RNCEG�[QWT�OKETQHWIG�VWDG�KP�VJG�VJGTOCN�E[ENGT��6JG�HWNN�RTQEGUU�
`���OKP���
YJKEJ�KU�RGTHQTOGF��KU�QWVNKPGF�DGNQY�
� C��*QV�5VCTV�����%����OKP�
� D��&GPCVWTCVKQP�����%����UGE�
� E��#PPGCNKPI�����%����UGE
� F��'ZVGPUKQP�����%���OKP
� G��4GRGCV��������VKOGU
� H��(KPCN�'ZVGPUKQP�����%���OKP
� I��*QNF����%��+PƂPKV[
���5VQTG�[QWT�2%4�RTQFWEV�CV�����%�HQT�characterization and cloning during the lab.

6JG�RWTRQUG�QH�VJKU�NCD�YCU�VQ�FGUKIP�CPF�GZGEWVG�C�2%4�TGCEVKQP�VQ�CORNKH[�VJG�6UG��VQZKP�HTQO�
VJG�RNCUOKF�$$CA���������6JKU�KU�KORQTVCPV�DGECWUG�KV�CNNQYU�WU�VQ�RTQFWEG�EQRKGU�QH�VJG�UGNGEV�
ed molecule.

Procedure

Conclusion



4GUVTKEVKQP�'P\[OG�&KIGUV

4GUVTKEVKQP�FKIGUVKQP�KU�CP�KORQTVCPV�RTQEGUU�KP�VJG�OKETQDKQNQI[�NCD�DGECWUG�KV�CNNQYU�&0#�VQ�DG�
EWV�KP�C�URGEKƂE�URQV��6JG�TGUVTKEVKQP�GP\[OGU�WUGF�YKNN�EWV�VJG�&0#�CV�RQUKVKQPU�YJGTG�C�EGTVCKP�UG�
SWGPEG�QH�DCUG�RCKTU�KU�RTGUGPV��6JG�K)'/�VGCO�WUGF�VJKU�RTQVQEQN�VQ�cleave�VJGKT�&0#�UCORNGU��6JKU�
RTGRCTGF�VJG�UCORNGU�VQ�DG�EQODKPGF�YKVJ�QVJGT�&0#�UCORNGU�

Introduction

Purpose
+P�VJKU�NCD�[QW�YKNN�WUG�TGUVTKEVKQP�FKIGUVKQP�VQ�ENGCXG�VYQ�&0#�UCORNGU�

▶Ice and bucket/container
▶2%4�6WDGU
▶2CTV�#�
2WTKƂGF�&0#�� ���PI�WN�
▶2CTV�$�
2WTKƂGF�&0#�� ���PI�WN�
▶F*�1
▶0'$WHHGT�����
��Z�
▶4GUVTKEVKQP�'P\[OGU��'EQ4+��5RG+��:DC+��2UV+
▶Thermal cycler

/CVGTKCNU

���2WV�VJG�$WHHGTU�WUGF�QP�KEG��-GGR�VJG�GP\[OGU�KP�VJG�����%�HTGG\GT�WPVKN�PGGFGF��9JGP�WUKPI�VJG�
GP\[OGU��RNCEG�VJGO�KP�VJG�KEG�CPF�GPUWTG�VJG�DQVVQO�QH�VJG�GP\[OG�VWDGU�CTG�DGNQY�VJG�KEG�
���6JCY�0'$WHHGT������/KZ�D[�RKRGVVKPI�WR�CPF�FQYP��%GPVTKHWIG�CU�PGGFGF�
���.CDGN�QPG�2%4�VWDG�n2CTV�#o�CPF�CPQVJGT�n2CTV�$o��#FF�VJG�URGEKƂGF�COQWPV�&0#�2CTV�#�VQ�VJG�
VWDG�n2CTV�#o�CPF�VJG�URGEKƂGF�COQWPV�QH�&0#�2CTV�$�VQ�VJG�VWDG�n2CTV�$o��#FF�UVGTKNG�YCVGT�VQ�VJG�
VWDGU�HQT�C�VQVCN�XQNWOG�QH������.�KP�GCEJ�VWDG�
� C��%CNEWNCVKQP�GZCORNG�
YKVJ���PI��.�CU�&0#�UCORNG�EQPEGPVTCVKQP������PI�Ó���PI��.������.���
� � QH�&0#�UCORNG�������.�
VQVCN�XQNWOG��s����.�
&0#�UCORNG��������.�QH�UVGTKNG�YCVGT
���2KRGVVG�����.�QH�0'$�$WHHGT�����VQ�GCEJ�VWDG�
���+P�VJG�2CTV�#�VWDG��#FF����W.�QH�'EQ4��CPF�����.�QH�5RG�
���+P�VJG�2CTV�$�VWDG��#FF����W.�QH�:DC��CPF�����.�QH�2UV�
���6JG�VQVCN�XQNWOG�KP�GCEJ�VWDG�UJQWNF�DG�CRRTQZKOCVGN[����.��/KZ�YGNN�D[�RKRGVVKPI�UNQYN[�WR�CPF�� �
� FQYP��5RKP�VJG�UCORNGU�DTKGƃ[�VQ�EQNNGEV�CNN�QH�VJG�OKZVWTG�VQ�VJG�DQVVQO�QH�VJG�VWDG�
���+PEWDCVG�VJG�TGUVTKEVKQP�FKIGUVU�CV����%�HQT����OKPWVGU��VJGP����%�HQT����OKPWVGU��9G�WUG�C�VJGTOCN���
 cycler with a heated lid.
� C��470�10�6*'4/#.�%;%.'4�24161%1.�+)'/2���
���-GGR�UCORNG�CV���%�KH�PQV�VQ�DG�WUGF�KOOGFKCVGN[�QT�KP�VJG�����%�HQT�NQPI�VGTO�UVQTCIG��

Procedure



Part A Part B

DNA 500ng: ____ µL 500ng: ___ µL

dH2O adjust to 20 µL adjust to 20 µL

NEB Buffer 
2.1

2.0 µL 2.0 µL

Enzyme 1 0.5 µL EcoR1 0.5 µL XBa1

+P�VJKU�NCD�[QW�WUGF�TGUVTKEVKQP�GP\[OG�FKIGUVKQP�VQ�ENGCXG�&0#��6JGUG�EWV�&0#�RCTVU�CTG�PQY�CDNG�
VQ�DG�EQODKPGF�YKVJ�QVJGT�&0#�

Conclusion



Gel Electrophoresis
Introduction
� )GN�GNGEVTQRJQTGUKU�KU�C�YKFGN[�WUGF�VGEJPKSWG�HQT�UGRCTCVKPI�CPF�CPCN[\KPI�PWENGKE�CEKFU���6JKU�
VGEJPKSWG�KU�C�DTQCFN[�CRRNKGF�TGUGCTEJ�VQQN��HQT�GZCORNG��KV�ECP�DG�WUGF�ENKPKECNN[��HQTGPUKECNN[��QT�KP�
biotechnology.
� +P�RTGXKQWU�[GCTU��VJG�K)'/�VGCO�JCU�WUGF�GNGEVTQRJQTGUKU�QHVGP�VQ�EQPƂTO�VJG�UK\G�QH�URGEKƂE�
UVTCPFU�QH�&0#��#ICTQUG�IGN�GNGEVTQRJQTGUKU�YCU�WUGF�VQ�XGTKH[�VJG�UK\G�CPF�KFGPV[�QH�&0#�VQ�UVCTV�
VJG�RTQLGEV�CU�YGNN�CU�C�EJGEM�VQ�EQPƂTO�VJCV�URGEKƂE�&0#�OCPKRWNCVKQP�UVGRU�
HQT�GZCORNG��/KPKRTGR��
2%4��&KIGUV�����YGTG�UWEEGUUHWNN[�RGTHQTOGF��

6JG�IQCN�QH�VJKU�NCD�KU�VQ�WUG�&0#�GNGEVTQRJQTGUKU�VQ�UGRCTCVG�CPF�CPCN[\G�&0#�HTQO�OWNVKRNG�
samples. 

Purpose

▶Agarose 
▶Electrophoresis chamber and power supply
▶Gel mold 
▶Gel comb
▶&0#�NQCFKPI�F[G�
▶1x TAE buffer 
▶)GN)TGGP�0WENGKE�CEKF�UVCKP�
▶&0#�UCORNGU�
▶&0#���MD�NCFFGT�
0'$��
▶/KETQYCXG
▶250ml Erlenmeyer Flask
▶-KOYKRG

/CVGTKCNU

� &WTKPI�IGN�GNGEVTQRJQTGUKU��CP�GNGEVTKE�EWTTGPV�KU�CRRNKGF���6JG�PGICVKXGN[�EJCTIGF�PWENGKE�CEKFU�
CTG�RWNNGF�VJTQWIJ�C�IGNCVKPQWU�OCVTKZ�VQYCTF�VJG�RQUKVKXG�ECVJQFG��5KPEG�VJG�IGN�KU�UNKIJVN[�RQTQWU��
UOCNNGT�PWENGKE�CEKFU�CTG�CDNG�VQ�OKITCVG�VJTQWIJ�VJG�IGN�HCUVGT�VJCP�NCTIGT�PWENGKE�CEKFU��VJGTGD[�UGR�
CTCVKPI�VJG�PWENGKE�CEKFU�D[�UK\G���
� ;QW�YKN�DG�WUKPI�VJG�&0#�UCORNGU�VJCV�YGTG�FKIGUVGF�[GUVGTFC[�FWTKPI�VJG�4GUVTKEVKQP�&KIGU�
VKQP��9G�CTG�CDNG�VQ�VGNN�VJG�DCUG�RCKT�NGPIVJ�D[�WUKPI�C�UVCPFCTFK\GF�ITQWR�QH�&0#�
VJG�NCFFGT��YJKEJ�
YG�YKNN�WUG�VQ�ƂPF�VJG�DCUG�RCKT�NGPIVJ�QH�VJG�4GUVTKEVKQP�&KIGUVKQP�RTQFWEV�

Further Background



Procedure

Prepare Agarose Gel

���016'��)GNU�JCXG�DGGP�RTGOCFG�KP�VJG�KPVGTGUV�QH�VKOG��JQYGXGT��VJKU�RTQVQEQN�QWVNKPGU�VJG�RTQEG��
 dure for preparing agarose gels for students interested in the procedure.
���2TGRCTG�C������CICTQUG�IGN�D[�JGCVKPI����I�CICTQUG�KP���O.��Z6#'�KP�VJG�OKETQYCXG�
`��UGE�VQ��
� �OKP�QP�HWNN�RQYGT��WPVKN�EQORNGVGN[�FKUUQNXGF���7UG�ECWVKQP�VQ�PQV�DWTP�[QWTUGNH�QT�DQKN�VJG��
� UQNWVKQP�QXGT�
CP�'TNGPOG[GT�ƃCUM�YKVJ�C�-KOYKRG�UVWHHGF�KP�VJG�PGEM�YKNN�JGNR�VQ�RTGXGPV�VJKU����
� $G�UWTG�VJCV�VJGTG�CTG�PQ�pEJWPMUq�QH�CICTQUG�TGOCKPKPI�VJCV�JCXG�PQV�[GV�FKUUQNXGF��CU�VJKU��
 will distort the migration of the nucleic acids through the gel. 
���1PEG�VJG�IGN�JCU�EQQNGF�UQ�VJCV�KV�KU�EQOHQTVCDNG�VQ�VQWEJ�VJG�ƃCUM�YKVJ�[QWT�INQXGF�JCPF��CFF��
� )GN4GF�QT�)GN)TGGP�&0#�UVCKP�VQ�C��Z�EQPEGPVTCVKQP�
���.�RGT���O.�IGN����
���%#76+10��)GN)TGGP�CPF�)GN4GF�&0#�UVCKPU�CTG�UWURGEVGF�ECTEKPQIGPU���*CPFNG�YKVJ�ECWVKQP��
 and be sure to wear gloves!  
5. Place the gel mold into the caster and tighten the rubber gasket.  Pour the dissolved agarose  
� KPVQ�VJG�IGN�OQNF�CPF�RNCEG�EQOD�KP�QPG�GPF���
$G�ECTGHWN�PQV�VQ�YCKV�VQQ�NQPI�QT�VJG�IGN�YKNN��
� UVCTV�VQ�UQNKFKH[�KP�VJG�ƃCUM����2QWT�UNQYN[�VQ�CXQKF�CKT�DWDDNGU�QT�WUG�VJG�EQOD�VQ�RWUJ�DWDDNGU��
� VQ�VJG�UKFG�QH�VJG�OQNF���#NNQY�VJG�IGN�VQ�UQNKFKH[�
VJKU�YKNN�V[RKECNN[�VCMG�CDQWV������OKPWVGU����
���1PEG�VJG�IGN�JCU�UQNKFKƂGF�
C�ENQWF[�CRRGCTCPEG�KU�C�IQQF�KPFKECVKQP��DWV�EJGEM�YKVJ�C�INQXGF��
� ƂPIGT���TGOQXG�VJG�EQOD��2NCEG�VJG�IGN�KP�VJG�GNGEVTQRJQTGUKU�TKI�YKVJ�VJG�YGNNU�ENQUGUV�VQ��
� VJG�PGICVKXG�
DNCEM��GPF�CPF�EQXGT�YKVJ��Z�6#'�DWHHGT��7UG�C�OKPKOCN�COQWPV�QH�DWHHGT�� �
� VQ�EQXGT�VJG�IGN�VQ�OCZKOK\G�VJG�TCVG�QH�GNGEVTQRJQTGUKU�CPF�EQPUGTXG�6#'�
VJKU�TGSWKTGU���
� `���O.�QH��Z�6#'�DWHHGT���

���%JGEM�VJCV�VJG�YGNNU�QH�VJG�CICTQUG�IGNU�CTG�PGCT�VJG�DNCEM�
���GNGEVTQFG��6JG�PGICVKXGN[�EJCTIGF��
� &0#�CPF�VTCEMKPI�F[GU�YKNN�OKITCVG�VQYCTF�VJG�TGF�

��GNGEVTQFG��
470�619#4&�4'&�KU�C��
� JGNRHWN�RJTCUG�VQ�TGOGODGT�VJKU����

���#FF���Ş.�QH�VJG�NQCFKPI�F[G�VQ�GCEJ�QH�VJG�UCORNG�&0#U�
`��Ş.����#FF��Ş.��QH�NQCFKPI�F[G�VQ��
� VJG�p.CFFGTq�&0#�KP�VJG�ƂTUV�NCPG�QH�VJG�IGN��CFF�VJKU�EQODKPGF���Ş.�VQ�VJG�ƂTUV�NCPG���+P��
� VJG�UGEQPF�NCPG��NQCF�VJG�UCORNG���&0#��+P�VJG��TF���VJ�CPF��VJ�NCPGU�NQCF�VJG�&0#�HQT���
� UCORNG�������CPF����TGURGEVKXGN[���

���6WTP�QP�VJG�RQYGT�UWRRN[��CPF�TWP�VJG�IGN�CV����8�WPVKN�VJG�F[G�KU�CDQWV�����QH�VJG�YC[�VJTQWIJ��
� VJG�IGN�
`��OKP��

���4GOQXG�IGN�HTQO�VJG�YGNN��CPF�RNCEG�QP�C�78�NKIJV�DQZ�

���6CMG�C�RKEVWTG�QH�VJG�&0#�UCORNGU�WUKPI�C�ECOGTC��RNGCUG�WUG�QPN[�ENGCP�WPINQXGF�JCPFU�YJGP��
 touching the camera!  Put your gloves back on to handle the gel.

Gel Electrophoresis

Conclusion
+P�VJKU�NCD�[QW�NGCTPGF�VQ�WUG�&0#�GNGEVTQRJQTGUKU�VQ�UGRCTCVG�CPF�CPCN[\G�&0#�HTQO�OWNVKRNG�UCO�
RNGU��6JKU�CNNQYU�[QW�VQ�CEEWTCVGN[�KFGPVKH[�URGEKƂE�&0#�OQNGEWNGU�UQ�[QW�ECP�EQPVKPWG�[QWT�RTQLGEV�
knowing that you are using the correct components.  



(GVCN�2KI�&KUUGEVKQP

Introduction
0QY�VJCV�[QW�JCXG�NGCTPGF�JQY�VQ�IGPGVKECNN[�GPIKPGGT�
QTICPKUOU��KV�KU�KORQTVCPV�VQ�WPFGTUVCPF�JQY�VJCV�ECP�
CHHGEV�PCVWTG��(QT�GZCORNG��VJG�RCUV�[GCToU�K)'/�6GCO�
JCF�C�VCTIGV�QTICPKUO�HQT�VJGKT�RTQDKQVKE��VJG�IQCV��6JG[�
needed to understand anatomic structure and the chemi�
ECN�PCVWTG�QH�VJG�IQCVoU�UVQOCEJ��6JG�EJKGH�YC[�VJCV�RGQ�
RNG�NGCTP�CDQWV�CPCVQO[�KU�D[�FKUUGEVKQP��6QFC[��YG�YKNN�DG�
dissecting a fetal pig to bring our lab sessions together to 
a close.

The purpose of this lab is to explore the anatomy of a fetal pig through dissection.
Purpose

���&GVGTOKPG�VJG�UGZ�QH�[QWT�RKI�D[�NQQMKPI�HQT�VJG�WTQIGPKVCN�QRGPKPI���1P�HGOCNGU��VJKU��
� QRGPKPI�KU�NQECVGF�PGCT�VJG�CPWU���1P�OCNGU��VJG�QRGPKPI�KU�NQECVGF�PGCT�VJG�WODKNKECN��
 cord.
� C��+H�[QWT�RKI�KU�HGOCNG��[QW�UJQWNF�CNUQ�PQVG�VJCV�WTQIGPKVCN�RCRKNNC�KU�RTGUGPV�PGCT�VJG��
� � IGPKVCN�QRGPKPI��/CNGU�FQ�PQV�JCXG�WTQIGPKVCN�RCRKNNC�
� D��$QVJ�OCNGU�CPF�HGOCNGU�JCXG�TQYU�QH�PKRRNGU��CPF�VJG�WODKNKECN�EQTF�YKNN�DG�RTGUGPV��
  in both.
� E��9JCV�UGZ�KU�[QWT�RKI!�AAAAAAAAA
���/CMG�UWTG�[QW�CTG�HCOKNKCT�YKVJ�VGTOU�QH�TGHGTGPEG��anterior, posterior, dorsal, ventral.  In  
� CFFKVKQP��[QWoNN�PGGF�VQ�MPQY�VJG�HQNNQYKPI�VGTOU
 a. Medial:  toward the midline or middle of the body
 b. Lateral:  toward the outside of the body
 c. Proximal:  close to a point of reference 
 d. Distal:  farther from a point of reference

�

External Anatomy

First Incision

1. Place your fetal pig in the dissecting pan ventral side 
WR��7UG�UVTKPI�VQ�VKG�[QWT�RKI�UQ�VJCV�VJG�NGIU�CTG�URTGCF�
CPF�PQV�KP�[QWT�YC[��7UG�UEKUUQTU�VQ�EWV�VJTQWIJ�VJG�UMKP�
CPF�OWUENGU�CEEQTFKPI�VQ�VJG�FKCITCO��&Q�PQV�TGOQXG�VJG�
WODKNKECN�EQTF��+P�VJG�ƂTUV�UGEVKQP��[QW�YKNN�QPN[�GZCOKPG�VJG�
CDFQOKPCN�ECXKV[�
VJG�CTGC�DGNQY�VJG�TKDECIG���
���#HVGT�EQORNGVKPI�VJG�EWVU��NQECVG�VJG�WODKNKECN�XGKP�VJCV�
leads from the umbilical cord to the liver. You will need to 
cut this vein in order to open up the abdominal cavity.
���;QWT�RKI�OC[�DG�ƂNNGF�YKVJ�YCVGT�CPF�RTGUGTXCVKXG��FTCKP�
over the sink if necessary.Locate each of the organs on the 
next page.

�



Abdominal Cavity

���&KCRJTCIO�6JKU�OWUENG�FKXKFGU�VJG�VJQTCEKE�CPF�CDFQOKPCN�ECXKV[�CPF�KU�NQECVGF�PGCT�VJG�TKD��
 cage. The diaphragm aids in breathing.
2. Liver.�6JKU�UVTWEVWTG�KU�NQDGF�CPF�KU�VJG�NCTIGUV�QTICP�KP�VJG�DQF[��6JG�NKXGT�KU�TGURQPUKDNG�HQT�OCM��
 ing bile for digestion. 
3. Gall bladder.�6JKU�ITGGPKUJ�QTICP�KU�NQECVGF�WPFGTPGCVJ�VJG�NKXGT��VJG�DKNG�FWEV�CVVCEJGU�VJG�ICNN��
� DNCFFGT�VQ�VJG�FWQFGPWO��6JG�ICNN�DNCFFGT�UVQTGU�DKNG�CPF�UGPFU�KV�VQ�VJG�FWQFGPWO��XKC�VJG��
 bile duct. 
4. Stomach��#�RQWEJ�UJCRGF�QTICP�VJCV�TGUVU�CPKVQOKECN�NGHV��#V�VJG�VQR�QH�VJG�UVQOCEJ��[QW	NN�ƂPF��
 the esophagus. The stomach is responsible for churching and breaking down food. 
���8KGY�VJG�KPUKFG�QH�VJG�UVQOCEJ�D[�UNKEKPI�KV�QRGP�NGPIVJYKUG��
6. The stomach leads to the small intestine��YJKEJ�KU�EQORQUGF�QH�VJG�FWQFGPWO�
UVTCKIJV�RQTVKQP��
� LWUV�CHVGT�VJG�UVQOCEJ��CPF�VJG�KNGWO�
EWTN[�RCTV���CPF�VJG�LWLWPGWO��
���6JG�KNGWO�KU�JGNF�VQIGVJGT�D[�OGUGPVGT[��+P�VJG�UOCNN�KPVGUVKPG��HWTVJGT�FKIGUVKQP�QEEWTU�CPF���
� PWVTKGPVU�CTG�CDUQTDGF�VJTQWIJ�VJG�CTVGTKGU�KP�VJG�OGUGPVGT[��6JGUG�CTVGTKGU�CTG�ECNNGF�OGU��
 enteric arteries.
8. Pancreas��C�DWOR[�QTICP�NQECVGF�CNQPI�VJG�WPFGTUKFG�QH�VJG�UVQOCEJ��C�RCPETGCVKE�FWEV�NGCFU��
� VQ�VJG�FWQFGPWO��6JG�RCPETGCU�OCMGU�KPUWNKP��YJKEJ�KU�PGEGUUCT[�HQT�VJG�RTQRGT�WRVCMG�QH��
� UWICTU�HTQO�VJG�DNQQF��6JG�RCPETGCU�CNUQ�RTQFWEGU�GP\[OGU�YJKEJ�DTGCM�FQYP�VJG�RTQVGKPU���
� NKRKFU��ECTDQJ[FTCVGU��CPF�PWENGKE�CEKFU�KP�HQQF�
9. Spleen��C�ƃCVVGPGF�QTICP�VJCV�NKGU�CETQUU�VJG�UVQOCEJ�CPF�VQYCTF�VJG�GZVTGOG�CPCVQOKECN�NGHV���
� 6JG�URNGGP�UVQTGU�DNQQF�CPF�KU�PQV�RCTV�QH�VJG�FKIGUVKXG�U[UVGO���1P�VJG�WPFGTUKFG�QH�VJG��
� URNGGP��NQECVG�VJG�URNGPKE�CTVGT[��
����#V�VJG�GPF�QH�VJG�LWLWPGWO��YJGTG�KV�YKFGPU�VQ�DGEQOG�VJG�NCTIG�KPVGUVKPG��C��FGCF�GPF��DTCPEJ��
 is visible. This is the cecum. The cecum helps the pig digest plant material. 
11. The large intestine can be traced to the rectum. The rectum lies toward the back of the pig and  
� YKNN�PQV�DG�OQXGCDNG��6JG�TGEVWO�NGCFU�VQ�VJG�CPWU��YJKEJ�QRGPU�VQ�VJG�QWVUKFG�QH�VJG�RKI���
� 6JG�NCTIG�KPVGUVKPG�TGCDUQTDU�YCVGT�HTQO�VJG�FKIGUVGF�HQQF��CP[�WPFKIGUVGF�HQQF�KU�UVQTGF�KP��
 the rectum as feces. 
����.[KPI�QP�GKVJGT�UKFG�QH�VJG�URKPG�CTG�VYQ�DGCP�UJCRGF�QTICPU��VJG�kidneys��6JG�MKFPG[U�CTG�TG��
� URQPUKDNG�HQT�TGOQXKPI�JCTOHWN�UWDUVCPEGU�HTQO�VJG�DNQQF��VJGUG�UWDUVCPEGU�CTG�GZETGVGF�CU��
� WTKPG��
OQTG�QP�VJKU�NCVGT��
13. Two umbilical vessels�ECP�DG�UGGP�KP�VJG�WODKNKECN�EQTF��CPF�VJG�ƃCVVGPGF�WTKPCT[�DNCFFGT�NKGU��
 between them. 



Identify the structures on the diagram.
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���(KPF�VJG�FKCRJTCIO�CICKP��4GOGODGT�VJCV�VJG�FKCRJTCIO�UGRCTCVGU�VJG��
 abdominal cavity from the thoracic cavity and it aids in breathing.  Above  
 the diaphragm is the heart. 
���4GOQXG�VJG�RGTKECTFKWO��YJKEJ�KU�C�VJKP�OGODTCPG�VJCV�UWTTQWPFU�VJG�JGCTV��
���6JG�UVTWEVWTGU�XKUKDNG�QP�VJG�JGCTV�CTG�VJG�VYQ�CVTKC�
��������VJG�XGPVTKENG�
�����
 which has two chambers not visible from the outside. 
���6JG�OQUV�QDXKQWU�XGUUGN�QP�VJG�VQR�QH�VJG�JGCTV�KU�VJG�RWNOQPCT[�VTWPM�
����KV��
� EWTXGU�WRYCTF�CPF�LQKPU�VJG�CQTVC�
�����C�XGUUGN�YJKEJ�CTEJGU�HTQO�VJG��
� JGCTV�CPF�EWTXGU�CTQWPF�VQ�IQ�VQ�VJG�NQYGT�RCTV�QH�VJG�DQF[��YJGTG�KV�KU��
� ECNNGF�VJG�CDFQOKPCN��
FQTUCN��CQTVC�
����6JG�CQTVC�UWRRNKGU�VJG�DQF[�YKVJ��
 blood. 
���6JG�CQTVC�YKNN�EWTXG�DCEM�CPF�VJGP�DTCPEJ�KP�VYQ�URQVU�s�VJG�TKIJV�DTCEJKQEG��
� RJCNKE�
���CPF�VJG�NGHV�UWDENCXKCP�
���
���6JG�TKIJV�DTCEJKQEGRJCNKE�VJGP�DTCPEJGU�KPVQ�CTVGTKGU�s�VJG�EQOOQP�ECTQVKF��
� 
���CPF�VJG�TKIJV�UWDENCXKCP�
�����6JG�UWDNCXKCPU�UWRRN[�DNQQF�VQ�VJG�CTOU��
 and follow the clavicle bone
���6JG�EQOOQP�ECTQVKF�YKNN�DTCPEJ�KPVQ�VJG�NGHV�
���CPF�TKIJV�ECTQVKF�CTVGT�� �
� KGU�
�����6JG�ECTQVKF�CTVGTKGU�UWRRN[�DNQQF�VQ�VJG�JGCF�CPF�PGEM��

Thoracic Cavity

�



���1DUGTXG�VJG�EQTQPCT[�XGUUGNU�
���QP�VJG�QWVUKFG�QH�VJG�JGCTV���VJGUG�XGUUGNU�UWRRN[��
 blood to the muscle of the heart. 
���'CU[�CTVGTKGU�VQ�ƂPF�CTG�VJG�QPGU�VJCV�TWP�PGCT�VJG�TKDU���6JGUG�CTG�VJG�KPVGTEQUVCN��
� CTVGTKGU�
�����
����.KHV�VJG�JGCTV�VQ�NQQM�QP�KVU�FQTUCN�UKFG�
VQYCTF�VJG�DCEM���[QW�UJQWNF�DG�CDNG�VQ�UGG��
� VJG�CPVGTKQT�CPF�RQUVGTKQT�XGPC�ECXC��YJKEJ�DTKPIU�DNQQF�HTQO�VJG�DQF[�DCEM�VQ��
� VJG�JGCTV��+P�CFFKVKQP��[QW�UJQWNF�CNUQ�DG�CDNG�VQ�ƂPF�VJG�NGHV�CPF�TKIJV�LWIWNCT���
 veins  that drain blood from the head and run parallel to the carotids.
11. Push the heart to the side to locate two spongy lungs. The lungs are connected 
� VQ�DTQPEJKCN�VWDGU�
PQV�XKUKDNG��YJKEJ�EQPPGEV�VQ�VJG�VTCEJGC�
HQTOKPI�CP�WR�
� UKFG�FQYP�;���
����6JG�VTCEJGC�KU�GCU[�VQ�KFGPVKH[�FWG�VQ�VJG�ECTVKNCIKPQWU�TKPIU��YJKEJ�JGNR�MGGR�KV��
 from collapsing as the animal inhales and exhales. The trachea should be locat 
 ed in the neck.
����.[KPI�CVQR�VJG�VTCEJGC��NQECVG�VJG�RKPMKUJ�DTQYP��8�UJCRGF�UVTWEVWTG�ECNNGF�VJG�VJ[��
 roid gland. This gland secretes hormones that control growth and metabolism. 
����#V�VJG�CPVGTKQT�
VQYCTF�JGCF��QH�VJG�VTCEJGC��[QW�ECP�ƂPF�VJG�JCTF�NKIJV�EQNQTGF�NCT��
� [PZ�
QT�XQKEG�DQZ���6JG�NCT[PZ�CNNQYU�VJG�RKI�VQ�RTQFWEG�UQWPFU���ITWPVU�CPF��
 oinks. 

�

#QTVC���AAAA� � �������&QTUCN�#QTVC�AAAA
%QOOQP�ECTQVKF�AAAA������.GHV���4KIJV�%CTQVKF�AAAA
%QTQPCT[�XGUUGNU�AAAA�����.GHV�5WDENCXKCPAAAAA
4KIJV�5WDENCXKCP�AAAAA���4KIJV�$TCEJKQEGRJCNKE�AAAAA
4KIJV�#VTKWO�AAAAA� �������.GHV�#VTKWO�AAAAA
+PVGTEQUVCN�AAAAAA� �������8GPVTKENG�AAAA

Identify the structure.

����AAAAAAAAAAAAAAAAAAAAA�/GODTCPG�QXGT�VJG�JGCTV�
���AAAAAAAAAAAAAAAAAAAAAA�#KTYC[�HTQO�OQWVJ�VQ�NWPIU
����AAAAAAAAAAAAAAAAAAAAAA�$NQQF�UWRRN[�VQ�JGCF
����AAAAAAAAAAAAAAAAAAAAAA�.QYGT�JGCTV�EJCODGTU
���AAAAAAAAAAAAAAAAAAAAAAA$NQQF�UWRRN[�VQ�NQYGT�DQF[
���AAAAAAAAAAAAAAAAAAAAAAA/WUENG�VQ�CKF�DTGCVJKPI
���AAAAAAAAAAAAAAAAAAAAAAA�4GVWTPU�DNQQF�VQ�JGCTV
���AAAAAAAAAAAAAAAAAAAAAAA�.CTIG�XGUUGN�CV�VQR�QH�JGCTV
���AAAAAAAAAAAAAAAAAAAAAAA��7UGF�VQ�OCMG�PQKUGU
����AAAAAAAAAAAAAAAAAAAAAA�#TVGTKGU�QP�JGCTV�UWTHCEG��



Glossary
Lab Safety
Reagent: A substance or mixture used for chemical reactions.

6TCPUHQTOCVKQP���*GCV�5JQEM
Plasmid DNA��&0#�VJCV�KU�EQPVCKPGF�YKVJKP�C�RNCUOKF�
Pellet��7UKPI�C�EGPVTKHWIG�VQ�EQORTGUU�UQNKF�OCVGTKCN�KPVQ�C�UOCNN�RGNNGV�CV�VJG�DQVVQO�QH�
the test tube.
Decant��6Q�RQWT�QWV�VJG�NKSWKF�YKVJKP�C�VGUV�VWDG�
Resuspend:�6Q�RNCEG�EGNNU�QT�RCTVKENGU�KP�UWURGPUKQP�KP�C�ƃWKF�CICKP�
Antibiotic: An antibiotic used in the laboratory is meant to select for bacteria which 
have a particular antibiotic resistance and to put pressure on bacteria to keep them 
from ejecting an inserted plasmid.

.KSWKF�%WNVWTG
Bacterial Colony: A visible cluster of bacteria growing on the surface of a medium. The 
entire colony presumably grew from a single bacterial cell.

/KPK�2TGR
2NCUOKF�2WTKƂECVKQP��The isolation of a plasmid from a bacterial cell.
High Copy Plasmid:�#�RNCUOKF�YJKEJ�KU�TGRNKECVGF�SWKEMN[�YKVJKP�C�EGNN�
Low Copy Plasmid: A plasmid which is replicated slowly within a cell.
Cosmid: #�V[RG�QH�RNCUOKF�KPVQ�YJKEJ�NCTIG�UVTCPFU�QH�&0#�ECP�DG�KPUGTVGF��
Buffer:�#�UQNWVKQP�WUGF�VQ�RTGXGPV�EJCPIGU�KP�R*��#�EJCPIG�KP�R*�EQWNF�NGCF�VQ�OQNG�
cule destruction.

2%4
Template DNA: 6JG�QTKIKPCN�&0#�OQNGEWNG�YJKEJ�YKNN�DG�EQRKGF�XKC�2%4�
DNA polymerase:�#P�GP\[OG�VJCV�ETGCVGU�&0#�OQNGEWNGU�D[�CUUGODNKPI�PWENGQVKFGU�
Nucleotide:�6JG�DWKNFKPI�DNQEM�QH�&0#�
Upstream or Downstream:�#�TGNCVKXG�RQUKVKQP�KP�&0#�QT�40#��'CEJ�UVTCPF�QH�&0#�QT�
40#�JCU�DQVJ�C��o�CPF�C��o�GPF��4GNCVKXG�VQ�VJG�RQUKVKQP�QP�VJG�UVTCPF��FQYPUVTGCO�KU�
VJG�TGIKQP�VQYCTFU�VJG��o�GPF�QH�VJG�UVTCPF�CPF�WRUVTGCO�KU�VJG�TGIKQP�VQYCTFU�VJG��o�
GPF�QH�VJG�UVTCPF��5KPEG�&0#�UVTCPFU�TWP�KP�QRRQUKVG�FKTGEVKQPU��FQYPUVTGCO�QP�QPG�
strand is upstream on the other strand.
Oligonucleotide primer:�#�UKPING�UVTCPFGF�RKGEG�QH�&0#�YJKEJ�KU�EQORNGOGPVCT[�VQ�
VJG�QTKIKPCN�&0#�UVTCPF�CPF�KU�WUGF�KP�2%4�CU�C�UVCTV�RQKPV�HQT�TGRNKECVKQP�
Thermophilic: A thermophilic organism is an organism that thrives at extremely high 
temperatures. 
Denaturation:�6JG�UVGR�KP�YJKEJ�VJG�YGCM�*[FTQIGP�DQPFU�DGVYGGP�VJG�VYQ�UVTCPFU�QH�
&0#�CTG�DTQMGP��[KGNFKPI�UKPING�UVTCPFGF�&0#�OQNGEWNGU�
Annealing:�9JGP�VJG�&0#�RQN[OGTCUG�DKPFU�VQ�VJG�RTKOGT�VGORNCVG�CPF�DGIKPU�&0#�
formation.
Extension:�6JG�UVGR�KP�YJKEJ�VJG�&0#�RQN[OGTCUG�U[PVJGUK\GU�CP�PGY�&0#�UVTCPF�
complementary to the template strand.
Characterization:�+P�VJKU�EKTEWOUVCPEG��WUKPI�IGN�GNGEVTQRJQTGUKU�VQ�EQPƂTO�VJG�DCUG�
RCKT�NGPIVJ�QH�[QWT�2%4�RTQFWEV�



4GUVTKEVKQP�&KIGUV
Cleave:�6Q�UGXGT�C�RKGEG�QH�&0#�CV�C�URGEKƂE�UGSWGPEG�QH�PWENGQVKFGU�
Thermal Cycler: #�NCDQTCVQT[�CRRCTCVWU�OQUV�EQOOQPN[�WUGF�VQ�CORNKH[�&0#�UGI�
OGPVU�XKC�2%4��

Gel Electrophoresis
Cathode:�6JG�RQUKVKXGN[�EJCTIGF�GNGEVTQFG�VQ�YJKEJ�GNGEVTQPU�
PGICVKXGN[�EJCTIGF��ƃQY�

2KI�&KUUGEVKQP
Anatomical Position: The standing position in which the arms are at the side with the 
palms facing forward. All naming is based on positions relative to the body in the Ana�
tomical Position.
Anterior: Toward the front.
Posterior: Toward the back.
Dorsal:�&KTGEVGF�VQYCTFU�VJG�DCEM��URKPCN�EQNWOP�
Ventral:�&KTGEVGF�VQYCTFU�VJG�DGNN[�
Medial: Toward the midline or middle of the body.
Lateral: Toward the outside of the body.
Proximal: Close to a point of reference.
Distal: Farther from a point of reference.


